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Challenging the accidental
symmetries of the Standard Model

* Lepton flavour (LF) number
conservation is an accidental
symmetry of the Standard Model
(SM), so is the total Lepton Number
(LN)

* Neutrino processes violate LF
number (LFV). Charged leptons
perhaps too (CLFV)?

CLFV



Challenging the accidental
symmetries of the Standard Model

Lepton flavour (LF) number

conservation is an accidental e )
symmetry of the Standard Model .

(SM), so is the total Lepton Number W™ (q)

Neutrino processes violate LF | NV

number (LFV). Charged leptons
perhaps too (CLFV)?

* To explain neutrino masses, Majorana
(] neutrinos are added to the SM and
allow See-Saw mechanism

e processes with Majorana neutrinos
£ represent an example of processes
violating total lepton number (LNV)

CLFV
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LHC provides huge dataset, hence a great chance to test CLFV and LNV processes.
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Total Integrated Luminosity [fb™]

‘o
=
>
=
17
o
£
E
3
-
©
(9]
ko
©
S
{@)]
(0]
2
E
I
f
(o]
'—

TTrryrrrryrrrryprrrryrrrryprrorirT
| I | [ I

——
ATLAS Online Luminosity  /s=13TeV
[ LHC Delivered

|:| ATLAS Recorded

II\lIIII

Total Delivered: 4.2 fb™
Total Recorded: 3.9 fo™!

0 T Fa—1 I — T 11
24/05 21/06 19/07 16/08 13/09 11/10 08/11

50

40

30

20

10

Day in 2015

T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T 1T

ATLAS Online Luminosity  /s=13Tev
[ LHC Delivered
|:| ATLAS Recorded

Total Delivered: 38.5 fb!
Total Recorded: 35.6 fb™

IIIllllll[llllllllllllllll

IIII|IIII|IIII|II

o AN VTN (NN T NI SN [N N NI

0
19/04 17/05 14/06 12/07 09/08 06/09 04/10 01/11

Day in 2016




————— .
ATLAS Online Luminosity  Vs=13TeV
™ LHc pelivered

[_]ATLAS Recorded

ATLAS Online Luminosity Vs= 8Tev
[ LHC Delivered
[_] ATLAS Recorded

Total Delivered: 4.2 fb”'

Total Delivered: 23.3 fb”! Total Recorded: 3.9 fb™

Total Recorded: 21.7 fb™'

Total Integrated Luminosity [fb]
Il{llllllllllll|T||||||||||

Total Integrated Luminosity [fb 1]

||||||I|I|I|Il||||||||||||||||I|

o T L
0 24/05 21/06 19/07 16/08 13/09 11/10 08/11
27/03 01/06 07/08 12/10 18/12 Day in 2015

Day in 2012

T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T 1T

ATLAS Online Luminosity  /s=13Tev
[ LHC Delivered
[_] ATLAS Recorded

II\\IlI

Total Delivered: 38.5 fb™
Total Recorded: 35.6 b

when available,

Run 2 results will be
shown, even if from a partial
dataset, since more
powerfull than full Runi
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LHC provides huge dataset, hence a great chance to test CLFV and LNV processes.
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ATLAS experiment

¥

25m

Tile calorimeters
LAr hadronic end-cap and
forward calorimeters

Pixel detector \

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambaers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

No major changes between Run 1 and 2 in detector components. BUT: one pixel
layer added , it increase track reconstruction and secondary vertex
reconstruction quality significantly, and b-tagging performance improves
significantly as a consequence



ATLAS trigger
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Data Storage (SFO)

e trigger = key factor in sensitivity of all analyses
e upgrade during Run1-2 shutdown: increase inputs and flexibility, add robustness to

pile-up, increase efficiency at L1 by using topology, increase number of processors, ...



ATLAS trigger
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* trigger = key tactor in sensitivity of all analyses

e upgrade during Run1-2 shutdown: increase inputs and flexibility, add robustness to
pile-up, increase efficiency at L1 by using topology, increase number of processors, ...

« Qutput rate doubled at HLT in Run 2

* Wide set of triggers, to achieve high efficiency for many possible final states

* Overall great efficiency for searches of rare phenomena



Outline

CLFV in Z’ decays (Run 2, partial dataset)
CLFV in Z, H boson decays (Run 1, full dataset)

CLFV in Double Charged Higgs decays (Run 2,
partial dataset)

CLFV t=pppu decay (Run 1, full dataset)

LNV Heavy Neutral Leptons processes (Run 1, full
dataset)



CLFV Z" decays

3.2 fb-1 2015

Fur. Phys. J. C76 (2016) 541

2 oL _ {
O ——Z {s=13TeV ]
1o3§— pp—>Z > 3
o ]
10% -
ik §
"0 EXOT2015-20(auxstuff) E basic selection very simple
e R EE S A two leptons of different flavour,
Z' polemass [TeV] OppOSite Charge
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CLFV Z" decays

3.2 fb-1 2015

Fur. Phys. J. C76 (2016) 541
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basic selection very simple
two leptons of different flavour,
opposite charge

(largest contributions >10%: fake lepton background when
using hadronic taus; theoretical uncertainties(PDF))
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region : validation signal
Process me, < 600 GeV | m,, > 600 GeV
Top quark 1190 + 140 22+5
Diboson 159 +17 49+0.9
Multi-jet and W+jets 55+11 27+1.7
Zly* — 145+2.0 0.18+0.04
Total SM background 1410 + 150 307
SM+Z' (Mz =2 TeV) - 75+13
SM+7, (M;. = 2TeV) RPV SUSY - 40+8
SM+QBHRS 7 = 1 (Mg, = 2 TeV) - 44+9
Data 1463 25

(a) eu channel

Process m,. < 600 GeV | m,, > 600 GeV
Top quark 790 + 190 25+9
Diboson 109 +26 62+1.9
Multi-jet and W+jets 3200 + 800 45+ 14
Zly* — €t 1030 + 240 52+14
Total SM background 5200+ 1300 8125
SM+Z' (Mz = 1.5 TeV) - 185+34
SM+¥, (M5, = 1.5 TeV) RPV SUSY - 105 +27
SM+QBHRS n =1 (M, = 1.5 TeV) - 122+28
Data 5416 111

(b) et channel

includes systematic and statistical error
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CLFV Z' decays - Results
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6 BR [pb]

CLFV Z" decays : Results
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CLFV Higgs decays

20.3 fb-1, 2012

ATLAS Simulation, Z — 11 + jets ATLAS Simulation, W + jets
— x? 140m v -

JHEP 11 (2015) 211
Eur. Phys. J. C (2017) 77:70
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mr = /2pTEReS(1 — cos Ag),

signal regions SR1, SR2 defined in transverse mass 2-D region
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CLFV Higgs decays

1
20.3 o, 2012 Hosyr JHEP 11 (2015) 211

"""" > T ‘ N
mafrnta M & maf ot Eur. Phys. J. C (2017) 77:70
el o 3  E—
- 1 o 250 —
Jsmu = g ob [777] syst. Une. 3
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o 0s: fransverse energy vector 1o
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S SR _ Rk L o Lt calculation for the missing
& oo : § os +TT . .
S it % S g 100 %0 neutrino (MMC algorithm)
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15



CLFV Higgs decays
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CLFV Z decays

PRD90 072010 (2014)
20.3 fb-1, 2012 Eur. Phys. J. C (2017) 77:70
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o) m MC stat. error
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opposite charge

similar analysis and selection as in H—=Tp

BR(Z—=1u)<1.7 10> @95%CL
BR(Z—ep)<7.5 107 @95%CL (LEP results <1.2 10> @95%CL)
(LEP results <1.7 106 @95%CL)
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CLFV Double charged
HIgQgs decays

3.2 fb-1 2015 + 10.7 fb-1 2016 ATLAS-CONF-2016-051
€+
q
, . .
e predicted in
S HTT A SeeSaw Type Il
‘ Left Right Symmetric Models (LRSM),

Higgs triplet models, ..

q
g_
H++-- decay : CLFV process.
m(300 GeV) o ~ 10 fb Possibly also LNV.
m(1300 GeV)o ~ 1 ab Though preliminary analysis uses

18 electrons/positrons only



CLFV H++: Selection &
Valigation
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CLFV H++:Results
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expected SM background, shows systematic uncertainties.
biggest systematic (>10%): fakes estimation

o(pp— H"H — e*e*e’e™) [fb]
=
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CLFV tT=ppp

EPJ C (2016) 76: 232
20.3 fo-1, 2012

exploiting W production, W decaying into tau leptons (Run1 : 108 W—1v decays)

signal detection:

* 3 muons inv. mass compatible with mass of tau lepton, large missing energy mainly
back-to-back to the 3 muon system

e multi-variate analysis using kinematics of W decay products and final products track
and vertex quality and significance. 1
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CLFV tT=ppp

U I 7 'x=multivariate algorithmscore ' | ' " " " [Tt T T T
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largest uncertainty:
extrapolation of the
background from the tight
+x>X0 selection to the tight
+x>X1 selection



LNV, Majorana neutrinos

20.3 fb-1 2012 JHEP (2015) 162

heavy Majorana neutrino
produced via off-shell W,
Type | See-saw

heavy Majorana neutrino
produced via new Wg, Z'/Zr bosons
23 (LRSM)



LNV, Majorana neutrinos

20.3 fb-1 2012 JHEP (2015) 162

signature : 2 same sign leptons (e/u) and high prjets
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Conclusions

* ATLAS results on CLFV and LNV processes have been
presented. Runi full dataset or early Run2 dataset is
used for these results.

e Limits set by ATLAS experiment are already or will soon
be competitive with limits set by LEP and other past
facilities such as Belle

 Run 2 full datasets, because three times larger than
Run1 and taken at higher energy, will provide very

strong insights on the possible mechanism for CLFV and
LNV in nature
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